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STACKED PACKAGE AND METHOD FOR 
FORMING STACKED PACKAGE 

TECHNICAL FIELD 

The present invention relates to a stacked package and an 
inter-terminal wiring method for a stacked package, which 
are applicable for manufacturing a semiconductor chip mod 
ule in which plural semiconductor chips have been integrated 
in a stacked state, for example. 

BACKGROUND ART 

In order to deal with requirements for a recent high-density 
trend of a semiconductor chip (LSI) and readily deal with 
requirements for partial speci?cation changes, a three-dimen 
sional semiconductor chip module in which plural semicon 
ductor chips have been stacked, integrated, and electrically 
interconnected has been proposed. 

In conventional three-dimensional semiconductor chip 
modules, since plural semiconductor chips are stacked, heat 
generated by power consumption at the time of operations is 
easy to accumulate inside, and heat dissipation is a more 
serious task than in the case of single semiconductor chips. 
Non-Patent Document 1 describes heat dissipation by provid 
ing a semiconductor chip board with a ?uidic channel extend 
ing inside the board from a face (upper face or lower face) on 
which no semiconductor pattern is provided to a side face. 
Non-Patent Document 1: Muhannad S. Bakir, James D. 
Meindl, “Fully Compatible Low Cost Electrical, Optical, and 
Fluidic I/ O Interconnect Networks for Ultimate Performance 
3D Gigascale Systems”, 3D-SIC 2007, pp. l3-l~l3-2l, 
March, 2007 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 

However, providing a semiconductor chip board with a 
?uidic channel requires multiple processes other than pro 
cesses for providing a semiconductor chip pattern and 
increases manufacture man-hour, which may not only 
increase in manufacture cost but also lower yield. 

Also, a case where a cross-sectional area of the ?uidic 
channel for heat dissipation is enlarged may degrade the 
strength of the semiconductor chip, while a case where a 
cross-sectional area of the ?uidic channel for heat dissipation 
is shrunk may cause ?uid (especially in the case of liquid 
?uid) not to ?ow well. 

Further, since a semiconductor chip at an intermediate 
layer in a stacked state is not provided with a ?uidic channel, 
suf?cient heat dissipation cannot be performed. Although, in 
this case, it is possible to perform heat dissipation by provid 
ing a ?uidic channel extending inside the semiconductor chip 
board from a side face to another side face of the board, such 
a case causes the aforementioned problems. 

The present invention has been made with a view to the 
above respects, and an object of the present invention is to 
provide an inexpensive stacked package enabling to perform 
suf?cient heat dissipation without complicating manufacture 
processes and a method for forming such a stacked package. 

MEANS TO SOLVE THE PROBLEMS 

A stacked package according to a ?rst invention comprises 
a plurality of stacked package elements to be stacked pro 
vided at the side face with a connection terminal to be coupled 
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2 
with a circuit pattern formed on the front face, interlayer 
wiring mutually connecting the connection terminals on the 
side faces of the respective stacked package elements by a 
wiring pattern, and a formation space contributing to heat 
dissipation formedbetween at least some layers of the stacked 
package elements to secure a formation face of the interlayer 
wiring. 
A second invention is a method for forming a stacked 

package in which a plurality of stacked package elements 
have been bonded, and comprises a ?rst step of forming on 
each of the stacked package elements a connection terminal 
led at least from the front face to the side face to be coupled 
with a circuit pattern formed on the front face, a second step 
of stacking and bonding the plurality of stacked package 
elements on each of which the connection terminal has been 
formed and forming a space contributing to heat dissipation 
formed between at least some layers of the stacked package 
elements to secure a formation face of interlayer wiring, and 
a third step of interconnecting the connection terminals on the 
side faces of the bonded respective stacked package elements 
by a pattern of the interlayer wiring formed by applying 
spraying of a conductive material in a mist state and changing 
of a position to be sprayed. 

EFFECT OF THE INVENTION 

With the present invention, it is possible to provide an 
inexpensive stacked package enabling to perform suf?cient 
heat dissipation without complicating manufacture processes 
and a method for forming such a stacked package. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view showing a structure of a three 
dimensional semiconductor chip module according to a ?rst 
embodiment. 

FIG. 2 is a partial schematic view showing one example of 
a wiring forming apparatus for use in each embodiment. 

FIG. 3 is a schematic view showing a structure of a puri 
fying atmospheric plasma generating unit in FIG. 2. 

FIG. 4 is a schematic view showing a structure of an oxy 
gen radical molecule jetting unit in FIG. 2. 

FIG. 5 is a schematic view showing a process for manu 
facturing a three-dimensional semiconductor chip module 
approximately common to all embodiments. 

FIG. 6 is a schematic view showing a state of attaching the 
three-dimensional semiconductor chip module to a circuit 
board. 

FIG. 7 is a ?owchart showing a process for forming a 
terminal of a semiconductor chip common to all embodi 
ments. 

FIG. 8 is a schematic view showing a positional relation 
ship between the semiconductor chip and a noZZle in the 
process for forming a terminal of a semiconductor chip com 
mon to all embodiments. 

FIG. 9 is a ?owchart showing a process for forming wiring 
among semiconductor chips of a semiconductor chip module 
common to all embodiments. 

FIG. 10 is a schematic view showing a structure of a three 
dimensional semiconductor chip module according to a 
modi?cation embodiment of the ?rst embodiment. 

FIG. 11 is a schematic view showing a three-dimensional 
semiconductor chip module according to a second embodi 
ment. 

FIG. 12 is a schematic view showing a three-dimensional 
semiconductor chip module according to a third embodiment. 
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FIG. 13 is a schematic view showing a structure of a three 
dimensional semiconductor chip module according to a 
modi?cation embodiment of the third embodiment. 

FIG. 14 is a schematic view showing a three-dimensional 
semiconductor chip module according to a fourth embodi 
ment. 

FIG. 15 is a schematic view showing a three-dimensional 
semiconductor chip module according to a ?fth embodiment. 

FIG. 16 is a schematic view showing a three-dimensional 
semiconductor chip module according to a sixth embodi 
ment. 

FIG. 17 is a schematic view showing a three-dimensional 
semiconductor chip module according to a seventh embodi 
ment. 

FIG. 18 is a schematic view showing a structure of a three 
dimensional semiconductor chip module according to a 
modi?cation embodiment of the seventh embodiment. 

DESCRIPTION OF THE SYMBOLS 

10 . . . wiring forming apparatus, 50 . . . semiconductor 

wafer, 52 . . . semiconductor chip, 54 . . . connection terminal, 

56, 100, 110, 120, 130, 140, 150, 160 . . .three-dimensional 
semiconductor chip module, 58 . . . interlayer wiring, 

101 . . . adhesive, 102, 113, 151 . . . heat dissipation space, 

111, 112 . . . spacer, 121, 131 . . .heat dissipation plate, 161, 

162 . . . through hole 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

(A-l) Wiring Forming Apparatus Applied to Formation of 
Terminal and Side Face Wiring Common to All Embodiments 

Prior to description of embodiments of a stacked package 
and a method for forming a stacked package according to the 
present invention, a wiring forming apparatus for use in for 
mation of a terminal of a stacked package and in formation of 
wiring among stacked package elements (among layers) are 
described. It is to be noted in the following description that a 
stacked package is a three-dimensional semiconductor chip 
module (LSI module), and that a stacked package element is 
a semiconductor chip (LSI). 

FIG. 2 is a partial schematic view showing one example of 
a wiring forming apparatus 10 for use in formation of a 
terminal of a semiconductor chip and in formation of wiring 
among terminals of semiconductor chips of a semiconductor 
chip module. 

FIG. 2 shows a use state in which the wiring forming 
apparatus 10 forms wiring 14 on an object under wiring 
formation (hereinafter referred to as an insulating substrate in 
explanation in FIG. 2) 12 in consideration of simpli?cation of 
explanation on the wiring forming apparatus 10. However, a 
use state when a terminal for extraction is formed on a semi 
conductor chip as described later and a use state when wiring 
is formed to connect connection terminals to one another 
among semiconductor chips as described later slightly differ 
from FIG. 2. That is, FIG. 2 is a view just to explain the wiring 
forming apparatus 10. 

The wiring forming apparatus 10 includes a purifying 
atmospheric plasma generating unit 16, a paste material 
attaching unit 18, and an oxygen radical molecule jetting unit 
20. 

The purifying atmospheric plasma generating unit 16 com 
prises a dielectric tube 22 made of a dielectric such as glass 
whose upper end is an inlet 22a of gas 30, and whose lower 
end is a plasma jetting outlet 22b, a pair of electrodes 24, 24 
arranged to leave a distance d1 from each other in the longi 
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4 
tudinal direction of the dielectric tube 22 and arranged to each 
surround the dielectric tube 22, and a power unit 26 for 
applying alternating voltage or pulse voltage between these 
electrodes, as shown in FIG. 3. 

To the gas inlet 22a of the dielectric tube 22, reducing gas 
G1 such as carbon monoxide gas or hydrogen gas and carrier 
gas Ca such as nitrogen, argon, or the like can be guided via 
an opening and closing valve 28. As for the dielectric tube 22, 
its plasma jetting outlet 22b is directed to the surface of the 
insulating substrate 12 on which the wiring 14 is to be formed 
as shown in FIG. 2. 
When the opening and closing valve 28 is opened, the 

carrier gas Ca from a carrier gas source 32 and the reducing 
gas G1 from a reducing gas source 30 are guided in the 
dielectric tube 22 toward its plasma jetting outlet 22b. On the 
?ow path of the dielectric tube 22 in which the reducing gas 
G1 is guided, a discharge space area by dielectric barrier 
discharge is formed by the pair of electrodes 24, 24 to which 
voltage is applied from the power unit 26 at an area corre 
sponding to the distance d1 between the two electrodes. Thus, 
the reducing gas G1 guided from the gas inlet 22a toward the 
plasma jetting outlet 22b of the dielectric tube 22 comes into 
a plasma state in the process of passing through this discharge 
space area. As a result, plasma gas in which this reducing gas 
G1 is a plasma source is jetted on the insulating substrate 12. 
By this jet of the plasma gas from the dielectric tube 22, 

oxide remaining at a part receiving irradiation of this plasma 
gas is effectively removed by chemical reaction with this 
plasma gas. At this time, in the atmospheric plasma in which 
the reducing gas G1 is a plasma gas source, since the tem 
perature at the irradiatedpart is maintained at 60 to 80 degrees 
centigrade, no damage caused by heating is given to the 
irradiatedpart and its periphery on the insulating substrate 12. 
The dielectric tube 22 or the atmospheric plasma jetting 

noZZle 22 of the purifying atmospheric plasma generating 
unit 16 can be moved automatically along a desired pattern 
with use of a known automatic control mechanism although 
not shown in the ?gure. Meanwhile, instead of the atmo 
spheric plasma jetting nozzle 22, the insulating substrate 12 
side may be moved automatically along a desired pattern with 
use of a known automatic control mechanism. That is, a 
relative movement method between the atmospheric plasma 
jetting noZZle 22 and the insulating substrate 12 may adopt 
any of various known methods. 

To the area on the insulating substrate 12 puri?ed by jet of 
the atmospheric plasma gas in which the reducing gas G1 is a 
plasma gas source, a paste material is supplied from a jetting 
outlet of a noZZle 34 of the paste material attaching unit 18. By 
letting the noZZle 34 of the paste material attaching unit 18 
follow the noZZle 22 of the purifying atmospheric plasma 
generating unit 16, the paste material can be supplied and 
attached in a line form (in a straight or curved line) sequen 
tially on the puri?ed area on the insulating substrate 12. 
The paste material, which is a raw material to form the 

wiring 14, contains nano metal particles and a binder made of 
organic materials. 
The nano metal particle in the paste material is a metal ?ne 

particle such as gold or silver showing favorable conductivity 
with a particle diameter of several nanometers to several 
hundreds nanometers. Such a metal ?ne particle has 
extremely high surface energy, and thus when the metal ?ne 
particles contact one another directly, metal sintering occurs 
by this contact. 
The binder in the paste material acts not only to heighten 

attachment force of the paste material on the insulating sub 
strate 12 but also to protect the metal ?ne particles from 
sintering by preventing direct contact between the nano metal 
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particles so as to prevent unnecessary and unexpected metal 
sintering. Such a binder is conventionally well known as an 
organic binder and is made of organic materials such as oxy 
gen, carbon, hydrogen, and nitrogen. Also, for the purpose of 
heightening the protection action by the binder, it is prefer 
able to cover the surface of each nano metal particle with a 
protective ?lm of the binder. 

For such a paste material, “NanoPaste” for sale in Harima 
Chemicals, Inc. is preferably used. 
As a method for attaching the paste material to the insulat 

ing substrate 12, a method of spraying the paste material in a 
mist state by a nozzle using a similar method to an ink jet 
method (hereinafter referred to as mist jet) can be applied, for 
example. Also, the paste material may be attached on the 
insulating substrate appropriately by using an M3D (trade 
mark) unit or another unit. Also, for attachment of the paste 
material to a desired part, a selection mask that selectively 
exposes the desired part can be used. Further, other printing 
methods may be applied. Meanwhile, the M3D (trademark) 
unit is a Maskless Mesoscale Material Deposition unit (US. 
Pat. No. 7,045,015) by Optomec. Inc, United States. 

In the case ofthe mistjet process,jet from the nozzle 34 can 
be narrowed jet formed in a spiral shape to form linear wiring. 

The wiring forming apparatus 10 is used for formation of a 
terminal of a semiconductor chip and for formation of wiring 
among terminals of semiconductor chips of a semiconductor 
chip module, as described later. For the former formation, the 
method of attaching the paste material in a mist state is pref 
erably applied since the distance between the nozzle 34 of the 
paste material attaching unit 18 and the attachment surface of 
an object under formation changes. For the latter formation, 
any attachment method may be used. 

The wiring pattern portion 14 formed with the paste mate 
rial in a line form on the insulating substrate 12 receives 
irradiation of oxygen radical molecules by the oxygen radical 
molecule jetting unit 20. 

This oxygen radical molecule jetting unit 20 is structured 
as shown in FIG. 4, for example, and basically, an atmo 
spheric plasma generating unit having a similar structure to 
the atmospheric plasma generating unit 16 shown in FIG. 3 is 
used. The fundamental difference between the two units 16 
and 20 is a respect in which the purifying atmospheric plasma 
generating unit 16 uses the reducing gas source 30 as a plasma 
gas source while the atmospheric plasma generating unit used 
as the oxygen radical molecule jetting unit 20 uses an oxide 
gas source such as oxygen or air as a plasma gas source. 

That is, the atmospheric plasma generating unit 20 used as 
an oxygen radical molecule jetting unit comprises a dielectric 
tube 36 made of a dielectric such as glass, a pair of electrodes 
38, 38 arranged to leave a distance d2 from each other in the 
longitudinal direction of the dielectric tube 3 6 and arranged to 
each surround the dielectric tube 36, and a power unit 40 for 
applying alternating voltage or pulse voltage between these 
electrodes, as shown in FIG. 4. Also, to a gas inlet 36a, which 
is an upper end of the dielectric tube 36, oxide gas G2 such as 
oxygen gas or air and carrier gas Ca such as nitrogen, argon, 
or the like are guided via an opening and closing valve 42. As 
for the dielectric tube 36, its plasma jetting outlet 36b is 
directed to the formed wiring portion as shown in FIG. 2. 
When the opening and closing valve 42 is opened, the 

carrier gas Ca from a carrier gas source 46 and the oxide gas 
G2 from an oxide gas source 44 are guided in the dielectric 
tube 36 toward its plasma jetting outlet 36b. On the ?ow path 
of the dielectric tube 36 in which the oxide gas G2 is guided, 
a discharge space area by dielectric barrier discharge is 
formed at an area corresponding to the distance d2 between 
the pair of electrodes 38, 38 to which voltage is applied from 
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6 
the power unit 40. Thus, as in the case of the aforementioned 
atmospheric plasma generating unit 16, the oxide gas G2 
guided from the gas inlet 36a toward the plasma jetting outlet 
36b of the dielectric tube 36 comes into a plasma state in the 
process of passing through this discharge space area. 
When the plasma in which the oxide gas G2 is a plasma 

source is jetted on the insulating substrate 12, oxygen radical 
contained in the plasma reacts chemically with the organic 
binder in the paste material of the wiring portion j ust attached. 
As a result, the organic binder is removed mainly by the 
chemical reaction with the oxygen radical. When the organic 
binder is removed from the wiring portion formed by the 
aforementioned paste material, the nano metal particles in the 
wiring portion contact mutually. When this mutual contact 
occurs, the nano metal particles are sintered by the surface 
energy of the nano metal particles as described above, and the 
wiring 14 is formed. 

It is preferable to let the dielectric tube of the oxygen 
radical molecule jetting unit 20, that is to say, the nozzle 36, 
follow the nozzle 34 of the paste material attaching unit 18 
with a predetermined space from the nozzle 34. 

Also, it is preferable to lower the temperature of the plasma 
gas ?ow jetted from the plasma jetting outlet 36b of the 
dielectric tube 36 as much as possible for the purpose of 
raising the content rate of the oxygen radical molecules in the 
plasma gas jetted from the nozzle 36 of the atmospheric 
plasma generating unit 20 in which the oxide gas G2 is a 
plasma gas source and for the purpose of restricting unnec 
essary temperature rise of the insulating substrate 12. Setting 
the temperature of the plasma ?ow jetted from the plasma 
jetting outlet 36b at 200 degrees centigrade, for example, 
raises the content rate of the oxygen radical molecules, 
thereby enabling to remove the organic binder in the wiring 
portion effectively without causing heating at the periphery 
and enabling to sinter the nano metal particles by spraying of 
the plasma gas for a short period of 30 seconds or so. 
As for the operation conditions of the respective atmo 

spheric plasma generating units 16, 20, at least either the rise 
time or the fall time of voltage to be applied to the pairs of 
electrodes 24, 24 and 38, 38 from the power units 26, 40 can 
be selected from within the range of 100 microseconds or 
less, the repetition frequency of the waveform of voltage V 
from the power units 26, 40 can be selected from within the 
range of 0.5 to 1000 kHz, and the ?eld intensity applied 
between the pairs of electrodes 24, 24 and 38, 38 can be 
selected from within the range of 0.5 to 200 kV/cm, for 
example. Also, it is preferable to adjust the distance between 
the plasma jetting outlets 22b, 36b of the respective nozzles 
22, 36 and the insulating substrate 12 in the range of l to 20 
mm, for example. 
As each of the plasma generating units 16, 20, a vacuum 

plasma generating unit may be used. However, it is preferable 
to use an atmospheric plasma generating unit in order to 
enable to perform the process in the atmosphere without 
arranging the insulating substrate 12 under process in a 
vacuum chamber and to simplify the work and the unit by 
using the aforementioned atmospheric plasma generating 
unit. 

Also, instead of spraying the oxygen radical molecules to 
the wiring portion formed with the paste material containing 
the nano metal particles and the binder made of organic 
materials, spraying active oxygen (ozone) or gas containing it 
can remove the organic binder in the paste material and thus 
contact one another and sinter the nano metal particles in the 
paste material. 

Meanwhile, depending on the state of the insulating sub 
strate 12, the purifying process may be omitted. In this case, 
















